The analysis of consolidation in organic soils. This paper is devoted to the specifi c diffi culties connected to construction on problematic soils. Different type of structures like: road embankments, fl ood control levees, dykes and dams are often located in soft subsoil areas, which consists mainly of peat, calcareous soil with a very high content of calcium carbonate and other high plasticity organic and no organic soils. These soils can be characterized as highly deformable with low initial shear strength and an insuffi cient bearing capacity. Soft soils show a large deformation, both vertically and horizontally, under load. The settlements often appear very quickly and can also continue for a long time. The consolidation process consists here of two main stages: primary settlement and secondary (and tertiary) settlement (creep). It is essential to have a good quality description of physical and mechanical properties of soil before the calculation and construction stage. For calculations of each stage of settlement the different physical and mechanical parameters of problematic soil are applied. In this paper the analysis of organic soils deformation process is presented. The deformation characteristics were defi ned on the basis of laboratory tests results. Soil investigations were performed on peat samples taken from test site located in Olsztyn region. Laboratory test of physical properties and consolidation tests in oedometer were carried out. Based on laboratory test results the empirical relationships between stress and deformation as well as stress and time were elaborated in order to describe the primary consolidation in organic soils.
INTRODUCTION
The construction of dykes, embankments and roads on organic soils is related to a number of problems due to the high compressibility and low shear strengths of these soils. Both, the methods of construction and the methods and equipments for preparing samples and testing, which are normally used in soft mineral soils, may not be satisfactory for organic soils. Similarly, the calculation methods for prediction deformations or stability may not be appropriate to the analyzed type of soils.
However, in many countries there are a lot of large areas with organic soils which have to be exploited as a subsoil for embankments construction. In such cases, an important and complex engineering task becomes the proper prediction of soil behaviour and the selection of suitable design method. In Poland, nowadays many embankments and also dykes are localized in swampy areas in order to protect the environment and save fertile lands. These areas build often very soft organic soils, mainly peat, gyttja or calcareous soil (Szymański et al. 2004; Szymański 1991) .
In this paper, the results of the soil investigations are shown. The set of oedometer tests have been conducted on peat samples for studying the process of consolidation in soft subsoils. Moreover, the analysis of factors determining the assessment of organic soils deformation course is carried out.
Organic soils originate in wet conditions as the effect of plant decomposition (peat) as well as plankton dissolution (gyttja). The great variety of material which built organic soils infl uences their behaviour under load. The description of this behaviour using constitutive relations in elasticity and plasticity theory is rather diffi cult. The deformation performance of organic soils shows two stages of the consolidation process: primary settlement (immediate and consolidation) and secondary settlement. The signifi cant secondary compression (viscoplastic creep of soil skeleton) require proper application of non-linear consolidation approaches.
A complete description of the consolidation process of organic soils leads to complex differential equations solved only by using numerical methods. The fi rst step to fi nd the best solution of these equations is a clear characteristic of the soil. Nevertheless, in many practical cases deformation and consolidation processes should be predicted on the basis of one-dimensional strain analyses supplemented with estimation of initial elastic vertical and horizontal deformations.
The main characteristic essential in the calculation of deformation and consolidation of organic soils is the relationship between stress, strain and time. This dependence is expressed by parameters such as compression index C c or oedometer modulus M, coeffi cient of permeability k and coeffi cient of secondary compression C α . These parameters are obtained in oedometer tests (Hartlen and Wolski 1996; Foott and Ladd 1980) .
DESCRIPTION OF THE TEST AREA
The laboratory investigations were performed on soft soils taken from test site located on organic soils. The test site was situated in the north-eastern Poland, near Olsztyn city. The characteristics of soft soils were obtained on the basis of laboratory test performed on peat. The laboratory investigation, which consisted of oedometer tests, were held in the Geotechnical Laboratory in the Department of Geotechnical Engineering of the Warsaw University of Life Sciences. The physical properties of examined organic soils are performed in Table 1 . 
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THE ANALYSIS OF FACTORS DETERMINING THE ASSESSMENT IN ORGANIC SOILS DEFORMATION
The main reason for soil deformation is stress state which originate in the subsoil under load. The deformation rate is dependent not only on the load value but also on the compression parameters of the soil. The relationship between deformation course and time is related to the soil permeability, the drainage conditions and the viscous soil properties causing creep process. One of the effects of the soil deformation under load are changes in soil porosity. Moreover, they lead to changes in physical and mechanical properties of soils. Particularly, the coeffi cient of fi ltration changes as well as there is non-linear dependence between coeffi cient of fi ltration, deformation rate and current effective stress. The strength and deformation parameters which are being used to analysis the deformation process of organic soils are connected with the stress state and deformation state, and the deformation process itself is different from the one in one-dimensional analysis. All the parameters describing deformation, strength and pore water changes during the deformation course, which make very diffi cult to create the mathematical defi nition of the consolidation process in organic soils (Terzaghi 1943; Den Haan 1994) .
The range of applied load
The analysis of the deformation process of tested peat samples was carried out by using two main oedometer tests: IL (incremental loading) and CL (continuous loading). There were applied fi ve different load: 7.5 kPa; 12.5 kPa; 25.0 kPa; 50.0 kPa; 100.0 kPa to the specimens each one with height 20 mm at the beginning of the test. The conducted investigations show quite high vertical displacements under different loading as well as different velocity in loaded soils. The specimen form the test with gradually increasing load settled more than the specimen form the test with constant load (Tab. 2).
Stress history
In the deformation process of organic soils the stress state and stress history play an important role. The parameters which describe this course are: in-situ effective vertical stress σ' vo , preconsolidation pressure σ' p , coeffi cient of earth pressure at rest for preconsolidated soils K 0 oc and for normally consolidated soils K 0 nc . The preconsolidation pressure σ' p was determined by using fi ve different methods (Wdowska 2010) and the composition of results is presented in Table 3 . The results presented above show very low values of preconsolidation pressure σ' p of analyzed peat specimens and at the same indicate weak load capacity of organic soils as one of the subsoil under constructions.
Soil permeability
The water fl ow characteristics are one which determine the consolidation process of soils. But in organic soils appears an essential problem connected to non--linear fl ow principle. The characteristic feature of organic soils is their high permeability only in undisturbed state. Under the load, the reduction of examined organic soils permeability is noticed. In tested peat samples these variations can even reach the value 100 lower. In this way, there is necessary, in the analysis of organic soils deformation, take into account the changeability of pore water conditions together with the changes in void ratio (Szymański 1997; Szymański and Sas 2001; Sas 2001) .
Peats are characterized by large compressibility and deformation. When the pore water fl ow velocity in soil decreases signifi cantly, the process of consolidation takes longer. The initial permeability in these soft organic soils is large and decrease with the value of compression. The change of permeability in different consolidation conditions show Figure 1 . (Candler and Chartess 1988) . Primary settlements causes initial (immediate) undrained elastic deformation of the subsoil under an applied load as well as soil consolidation related to settlement and expulsion of excess of pure from the soil under an applied load. Secondary and tertiary settlements are the results of material creep under the effective stress and depend on rheological properties of soil as well as time dependent in a long period.
The characteristics describe consolidation deformation and secondary deformation
The consolidation and secondary settlements of organic soils are defi ned by parameters of deformation. The analysis of the laboratory investigations indicates that by oedometer tests with gradually increasing load the parameters of compressibility increase: C c compression index and C r recompression index, as well as 
SUMMARY AND CONCLUSIONS
In Poland, problem with the foundation on organic subsoil seems to be rather serious because pure organic soils cover about 5% of total country area. Peat and calcareous soil usually occur together: peat in the upper layer and calcareous soil below. The solution of this problem is connected to the determination of physical and mechanical properties of soft subsoil, prediction and assessment of subsoil settlements infl uenced by loading and selection of suitable construction schedule. Some techniques commonly used to address a problem are generally: preloading, staged construction, surcharging soil improvement and replacement.
The results received from laboratory investigations in oedometers indicate exactly this great variety of problems connected with organic soils represented in the article by peat. The lack of clear explanation how the relations between individual parameters characterizing organic soils are makes it quite diffi cult to estimate and predict the engineering peats behaviour under loading, which is various. This big diversity shows multitude of factors determining the deformation process in organic soils in time as well as the settlements.
The observations of the peat consolidation process demonstrate mainly nonlinear character of deformation. Variable soil parameters and their dependence on effective vertical stress must be taken into consideration to predict organic soils displacements under embankments.
